This study was designed to investigate the antioxidant and antimicrobial activities of the essential oils from Piper officinarum C. DC. GC and GC/MS analysis of the leaf and stem oils showed forty one components, representing 85.6% and 93.0% of the oil, respectively. The most abundant components in the leaf oil were β-caryophyllene (11.2%), α-pinene (9.3%), sabinene (7.6%), β-selinene (5.3%) and limonene (4.6%), while β-caryophyllene (10.9%), α-phellandrene (9.3%), linalool (6.9%), limonene (6.7%) and α-pinene (5.0%) were the main components of the stem oil. The antioxidant activities were determined by using complementary tests: namely β-carotene-linoleic acid, DPPH radical scavenging and total phenolic assays. The stems oil showed weak activity (IC 50 = 777.4 µg/mL) in the DPPH system, but showed moderate lipid peroxidation inhibition in the β-carotene-linoleic acid system (88.9 ± 0.35%) compared with BHT (95.5 ± 0.30%). Both oils showed weak activity against P. aeruginosa and E. coli with M IC values of 250 µg/mL.
Previous phytochemical studies on P. officinarum have resulted in the isolation of a number of amide and lignan compounds [2] [3] [4] [5] . In addition, studies on the extracts of this species showed antibacterial, interceptive, antiatherosclerotic and hypolipidaemic activities [6, 7] . To the best of our knowledge there is no previous report on the chemical composition of the essential oil of P. officinarum. Here we report the chemical composition, antioxidant and antimicrobial activities of the leaf and stem oils of P. officinarum, collected from Sarawak, Malaysia.
Hydrodistillation of the fresh leaves and stems of P. officinarum gave pale yellow oils in yields of 0.26% and 0.22%(w/w), respectively. The chemical compositions of these oils are listed in Table 1 . GC and GC-MS analysis successfully detected forty-one components each, which accounted for 85.6% and 93.0%, respectively of the chromatographic components. Sesquiterpene hydrocarbons were the major components in the leaf (41.1%) and stem (43.6%) oils, with β-caryophyllene (11.2% and 10.9%) being the most substantial compound in both oils. Other major compounds were α-pinene (9.3%), sabinene (7.6%), β-selinene (5.3%) and limonene (4.6%) for the leaf oil, and α-phellandrene (9.3%), linalool (6.9%), limonene (6.7%) and α-pinene (5.0%) for the stem oil. Monoterpene hydrocarbons were present in high concentration in both the leaf (31.7%) and stem oils (30.4%). Oxygenated monoterpenes made up a minor fraction (9.2-12.4%), while oxygenated sesquiterpenes formed 3.0-3.6% of the total oil. Nine components of the stem oil were not detected in the leaf oil. These were α-terpinolene, eugenol, α-ylangene, methyl eugenol, α-cedrene, α-bergamotene, δ-selinene, (E)-nerolidol and α-cadinol. On the other hand, nine components of the leaf oil were not detected in the stem oil (camphene, δ-3-carene, α-terpinene, camphor, βcubebene, γ-elemene, (E, E)-α-farnesene, germacrene B and globulol).
The DPPH free radical scavenging activity and β-carotene/linoleic acid tests were carried out on the essential oils, together with the Folin-Ciocalteu assay, which evaluated the total phenolic content of the essential oils. The results are given in Table 2 . The antioxidant activity in the DPPH radical scavenging test is due to the hydrogen donating ability of the test material. The capability of substances to donate hydrogen to convert DPPH into the non-radical form of DPPH can be followed spectrophotometrically [8] . Both oils exhibited weak DPPH radical scavenging activity (IC 50 leaf oil, 622.2 µg/mL; stem oil, 777.4 µg/mL) compared with the standard antioxidant, BHT (IC 50 = 124.4 µg/mL). The low activity was attributed to the low phenolic content of the essential oils. This was supported by the results of the Folin-Ciocalteu assay on both oils. In the β-carotene/linoleic acid assay, oxidation of linoleic acid produces hydroperoxyl radicals which simultaneously attack the chromophore of β-carotene resulting in bleaching of the reaction emulsion [9] . The effectiveness of the leaf (85.9%) and stem (88.9%) oils was compared with that of BHT (125.5%), but the inhibition values observed were significantly lower than that of BHT.
The antimicrobial activity of the essential oils was evaluated against Gram-positive bacteria, Gram-negative bacteria and fungi. Their activity potentials were assessed qualitatively and quantitatively by the presence of inhibition zones, zone diameters and minimum inhibitory concentration (MIC) values. The results are presented in Table 3 . The inhibition zones were in the range of 7.0-11.2 mm. The leaf oil was found to have a weak antimicrobial activity against B. subtlis, P. aeruginosa and E. coli, with MIC values of 250 µg/mL. The stem oil showed similar weak activity against P. aeruginosa and E. coli, with MIC values of 250 µg/mL. Components such as α-pinene, 1,8-cineole, γ-terpinene, linalool and α-terpineol have been found to have relatively strong antimicrobial properties [10] . These components were present in both the leaf and stem oils and,therefore, may have contributed to this antimicrobial activity. Generally, essential oils that contain high proportions of oxygenated monoterpenes have stronger antifungal activities [11] . However, the leaf and stem oils showed only weak antifungal activity against A. niger, with a MIC value of 500 µg/mL. The weak antifungal activity of both oils was due to the small amount of oxygenated monoterpenes. Previous studies have reported that the antimicrobial activity of an essential oil results from a complex interaction between different components which may produce additive, synergistic or antagonistic effect [12] .
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